Background: There is a complex interrelationship among smoking, body weight and
Introduction
Cigarette smoking is a major determinant of respiratory health. However, study results concerning its impact on asthma incidence and prevalence are widely inconsistent. 1 Some longitudinal studies have shown no association between smoking and the incidence of asthma, [2] [3] [4] while others have demonstrated that smoking increases the risk of asthma onset. 1 5-9 The association between active smoking and incident asthma was observed in men only in one study, 1 and in women only in some other studies. [6] [7] [8] There are also contradictory results for the association between smoking and asthma risk from case-control studies [10] [11] [12] and cross-sectional studies. 13 14 Case-control and crosssectional study design cannot tell if smoking causes asthma or if asthma patients are less likely to start smoking or more likely to quit smoking. The temporality is not an important concern for prospective longitudinal studies while potential selections biases have been discussed. 15 16 Obesity, which is likely to have a detrimental influence on asthma, 17 is closely related to smoking status. Smoking may reduce while smoking cessation may increase body weight. 18 The opposite may also be true that overweight/obese people tend to smoke more to lose weight 19 and not to quit smoking to avoid weight gain. 20 21 The complex interrelationship among smoking, body weight and asthma may explain, at least a part, the inconsistent results observed for the association between smoking and asthma from different study populations and is difficult to be sorted out in observational studies when sample size is not large. To minimize the potential impact of being overweight and obesity on the estimates for smoking and asthma association, we conducted an analysis stratified by relative body weight based on data from a large scale Canadian national survey.
Material and methods
We used data from the Canadian Community Health Survey (CCHS) conducted We calculated the prevalence of asthma according to smoking status overall and stratified by body mass index in men and women. Logistic regression analysis was used to examine the association between smoking status and asthma stratified by sex and body mass index after adjustment for covariates. Model parameters were estimated by using the method of maximum likelihood and were tested for significance by using the Wald statistic. The CCHS used a complex survey design. All the point estimates were weighted to the Canadian population and average design effect was taken into consideration in variance estimation in both simple and multivariate analyses. 13 All the statistical analyses were conducted by using the Statistical Analysis System (SAS) version 9.1 (SAS Institute, Inc., Cary, North Carolina).
Results
Having asthma diagnosed by a health professional was reported by 6.5% of men and 9.1% of women (weighted to the Canadian general population). The proportions of current smoking and former smoking were higher in men (21.0% and 28.3%) compared with women (16.2% and 22.4%). Among Canadian adults, 40.5% of men and 27.4% of women were overweight, and 18.1% of men and 16.0% of women were obese. Table 1 shows the prevalence of self-reported asthma according to age, smoking status and body mass index. There was an increased risk of asthma in young adults, smokers and obese individuals. Figure 1 presents the prevalence of asthma associated with smoking status by sex and body mass index. For women, the data consistently demonstrated that the risk of asthma was the highest in current smokers, the lowest in nonsmokers and in between for former smokers for all the categories of body mass index. For men, the difference was only significant for those with a body mass index of less than 25.0 kg/m 2 and there was no significant association between smoking status and asthma risk in overweight or obese individuals. Table 2 shows crude odds ratios and associated 95% confidence intervals for the association between smoking status and asthma stratified by sex and body mass index, and the association varied across sex and body mass index categories. and asthma. Table 3 shows the adjusted odds ratios and 95% confidence intervals for the association between smoking status and prevalent asthma further stratified by body mass index. For men and women with a body mass index of less than 25 kg/m 2 , both current smoking and former smoking were significantly associated with an increased risk of asthma. In overweight and obese individuals, there was a significant association between current smoking and asthma in women but not in men and no significant association between former smoking and asthma in either men or women. No substantial change was observed when body mass index value was excluded from the models.
Discussion
Our data demonstrated that the association of current smoking with prevalent asthma was significantly stronger in women than in men. In women, this association was all significant across body mass index categories while in men it was significant only in those with a body mass index of less than 25 kg/m 2 . Former smoking had a similar association with prevalent asthma in men and women and the influence of former smoking was significant among underweight or normal weight individuals but not among overweight or obese ones.
The relationships between smoking status and body weight, between smoking status and prevalent asthma, and between body weight and prevalent asthma can all be bidirectional. Smoking may reduce body weight and people with self-perceived overweight or obesity may try to loss weight by smoking cigarettes. 22 Smoking cessation may result in weight gain 23 and overweight and obese people may be less likely to stop smoking. 21 Smoking is likely to have a detrimental effect on asthma occurrence 1 5 6 9 10 24 but asthma patients may be more likely to stop smoking or less likely to initiate smoking. 25 26 Overweight and obesity increases the risk of asthma 17 27 while asthma patients may be more likely to have sedentary lifestyle and therefore gain more weight. 28 Sex often plays an important role for the possible bidirectional relationships.
1 6 13 25 29 This puzzle of the interrelationship among smoking status, body weight and asthma cannot be easily solved by observational studies. Even cohort design suffers some major selection biases such as "healthy worker effect" at baseline and during follow-up period. 15 16 A very large representative sample size of this study allowed us to examine the relationship between smoking status and prevalent asthma across sex and body mass index categories. The data suggest that smoking tends to have a stronger impact on asthma in women than in men, which is consistent with observations from several previous studies. 6-8 13 In Canada, women have a higher risk of asthma than men do, indicated by prevalence data, 13 incidence data 29 and hospital admission data. 30 Information bias may be one of possible reasons for sex difference in self-reporting asthma but primary diagnosis for hospital admission is provided by health professionals and therefore is less likely to be biased. The sex difference in susceptibility in response to cigarette smoking is likely to be true although the reasons for this remain to be investigated, which may include the differences in relative airway size, sex hormones and behavioral and lifestyle patterns between sexes. 29 30 A significant relationship between cigarette smoking and prevalent asthma was also observed in men with a body mass index of less than 25 kg/m 2 but not in overweight and obese men. In addition to a direct effect on asthma occurrence, cigarette smoking may also indirectly influence and reduce the risk of asthma through weight loss. As the direct effect of smoking is relatively small in men, it may be neutralized by the beneficial effect of smoking-related weight loss for overweight or obese men. This hypothesis needs to be investigated in future studies.
Our data also demonstrated a positive association between former smoking and asthma risk in both men and women with under or normal weight. Former smoking may result in an increased risk of asthma. However, an interesting finding is that there was no such an association in overweight and obese men and women. If former smoking increases asthma risk, compounded with post-cessation weight gain, we would expect a stronger association between former smoking and asthma risk in overweight and obese people. One possibility is that asthma patients with under or normal weight may be more likely to quit smoking while weight gain may be a barrier against quitting smoking for overweight and obese people.
There are some limitations for the study. Information bias is inevitable for selfreported data. For example, people tended to under-report their body weight especially for those with overweight or obesity, and to over-report their height, 31 which may result in a conservative estimate of an association with asthma. Asthma was based on a question if a person had the condition diagnosed by a health professional. A Canadian study demonstrated that asthma was over-diagnosed although the degree of the overdiagnosis was similar for obese and non-obese adults. 32 Some of those people might have chronic obstructive pulmonary disease.
Conclusions
Very large sample size is an important strength for this study, which allows us to determine the association between smoking status and asthma risk among population subgroups defined by sex and body mass index. Although cross-sectional design does not suggest a causal relationship, it would be hard to assume that asthma increases the proportion of current smoking. We therefore conclude that smoking increases the risk of asthma especially in women. A weaker direct detrimental effect of cigarette smoking and a possible indirect beneficial effect of smoking through weight loss may be a reason for the lack of association between current smoking and asthma in overweight and obese men. It warrants an investigation if overweight and obesity is a major barrier to smoking quit attempts and success for asthma patients. 
